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This invention relates to missile guiding systems in gen- 
eral and in particular to guiding with radar systems hav- 
ing a high degree of bearing and elevation accuracy. 

My co-pending application Serial Number 784,209 filed 
November 5, 1947, entitled “Radar Locator Systems,” 
now Patent No. 2,929,056, describes a radar system which 
permits such a remarkable degree of freedom from bear- 
ing and elevation errors due to lag in antenna follow-up 
as to lend itself ideally to incorporation into a missile 
guiding system. With such a guiding system, using the 
apparatus of the present invention it is entirely possible 
to electrically determine angular differences as small as 
five seconds of angle between the bearings or elevations 
of two distant objects. Such measurement is almost com- 
pletely divorced from error introduced by servo linkage 
between the radar indicator and the antenna. This type 
of error is particularly objectionable when conventional 
radar systems are used with rapidly moving objects. 

It is an object of the present invention to provide a 
missile guiding system capable of a high degree of ac- 
curacy of control. 

Another object of the present invention is to provide a 
missile guiding system wherein measurement of differences 
in angular relationships between missile and target posi- 
tions (bearing and elevation) can be made with freedom 
from tracking errors due to inaccuracy in the movement 
of the antenna mount. 

Other and further objects and features of the present 
invention will become apparent upon a careful considera- 
tion of the accompanying discussion and drawings in 
which: 

Fig. 1 is a schematic diagram of a missile guiding sys- 
tem possessing a high degree of angular accuracy; 

Fig. 2 is an illustration of one suitable type of antenna 
field pattern useful in practicing the present invention; 

Figs. 3, 4 and 5 аге circuit diagrams illustrating in de- 
tail certain of the components shown in block form in 
Fig. 1; 

Fig. 6 shows a typical arrangement of control station, 
missile, and target suitable for illustrating the present 
invention. : ( 

In accordance with the fundamental teachings of the 
present invention, a missile guiding system is provided 
embcdying in part features of my previously identified co- 
pending application to derive information regarding the 
bearing and elevation of both a missile and its target 
practically simultaneously without requiring motion of the 
radar antenna and to provide output signals relative- to 
elevation and/or bearing differences between missile and 
target which can be employed to direct the missile travel. 

Reference is now made to Fig. 1 which shows a missile 
tracking and guidance system as employed in conjunction 
with a radar system of the foregoing type. The overall 
guidance system includes a plurality of highly directional 


antenna elements such as the horns 10-А, 10-8, 10-С, 


10-0 and 1@-E. Antenna element 10-E is fundamentally 
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a transmitter element radiating energy produçed by pulse 
transmitter 21 however it also receives return energy 
which is applied through the transmit-receive switch 11 
to mixer 16 for heterodyne action with a signal from the 
local oscillator 13 whereby is produced an intermediate 
frequency signal for amplification by intermediate fre- 
quency amplifier 19, detection by detector 38, amplifica- 
tion by video frequency amplifier 43, and display on the 
indicators 46, 47. | 

The remaining antenna elements 10-А, 10-B, 19-С 
and 10-р are mounted with slightly divergent axes of 
directivity.’ The entire antenna structure is rigidly aligned 
and is provided with angular motion in the vertical and 
in the horizontal plane by a suitable mechanism. The 
field patterns of the component elements of antenna 10 
are in general similar to those indicated by the corre- 
spondingly numbered cones of Fig. 2. The up and down 
receiving elements 10-C and 10-D of the antenna 10 in 
Fig. 1 provide vertically disposed divergent response pat- 
terns 10-С and 16-р іп Fig. 2, and the right and left re- 
ceiving elements 10-B and 10-А of antenna 10 provide 
horizontally disposed diverging response patterns 10-В 
and 10-A. The transmitting element 19-Е. provides a 
beam pattern which is centrally disposed with respect, to 
the other response patterns. and as shown may have a 
somewhat wider range of directivity. than the other an- 
tenna.elements. 

Signals received by the up and down (elevation) an- 
tenna elements 10-C and 10-D are combined in phase 
opposition at the input to transmission channel 52 of Fig. 
1 by delivery through the transmission paths 50 and 51 
which are of unequal length. Such combination in phase 
opposition сап be affected by making one of the trans- 
mission means 50 or 51. an odd integral number of 14 
wave lengths longer than the other, as indicated generally 
in Fig. 1 or by other phase reversing devices now well 
known to the art. The resultant energy signal appear- 
ing in channel 52 is applied as. one. input to the mixer 
15. Mixer 15 also receives the oscillations produced by 
local oscillator 13 to produce heterodyne signals at a 
frequency suitable for amplification by the intermediate 
frequency amplifier 29. 

Similarly, signals received by. the right-left (azimuth) 
receiving elements 10-В and 10-A are combined in phase 
opposition appearing in channel 53 and are delivered 
to mixer 17 wherein they are. also. combined with signals 
from the local oscillator 13 to produce signals of a fre-. 
quency suitable for amplification. by the intermediate fre-. 
quency amplifier 18. NE Ж: 

Whenever the antenna assembly. 10 із oriented in such 
direction that ап energy reflecting object is located on the 
axis of directivity thereof, signals of equal amplitude 
and of the same phase-will be received by. each: element of 
the up-down, right-left antenna: pairs. 10-C; 19-D. and 
19-В, 16-A. With combination of these similar ampli- 
tude signals after 180°. phase reversal, complete cancella- 
tion with absence of output signals. in the channels. 52 and 
53 will result. On the other- hand, as for example when 
the reflecting object is. located: to the right of axis of 
directivity of the antenna, the signal picked up: by the 
right element 10-B. will be. greater in. amplitude. than 
that picked up by the left element. 10-А 50. that upon 
combination, cancellation will not occur and a signal 
having a first phase with respect to the transmitted. energy 
will appear in the-transmission. сраппеї 53. Ifa reflective 
object is located-to. the-left of the axis of directivity, the 
amplitude of the: signal output from left element 16-А 
is greater than-the amplitude of the signal from right ele-. 
ment 19-В so. that а resultant. Signal having a second: 
phase with respect to: the transmitted signal is: produced. 
. The same sort of combination in a different channel 52 
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with resulting output signals having first or second phase 
relationships with respect to the transmitted signal will 
exist when a target is above or below the axis of di- 
rectivity of the antenna. It is these combined signals 
that are delivered to mixers 15 and 17 and subsequently 
to intermediate frequency amplifiers 18 and 20. 

The amplified. intermediate frequency output signals 
from each of the angular channel І.Е. amplifiers 20 and 
18 are applied to separate mixing stages 37 and 39 re- 
spectively which are phase sensitive detectors. Each 
mixing stage (37 and 39) also receives the reference 
channel ТЕ. output from amplifier 19 to provide output 
dependent upon phase and amplitude relationships be- 
tween the input signals. Details of typical rectifying 
mixer circuits are shown in Fig. 3 and subsequently will 
be described further. 

The resultant signals from the rectifying mixers have 
polarities indicative of the sense of the angular displace- 
ment of a reflective object from the antenna axis of di- 
rectivity and amplitudes proportional to the degree of 
this angular displacement. In the case of pulse modu- 
lation as in a pulse echo system, these resultant signals 
will either be positive or negative video pulses depend- 
ing on the sense of the displacement of the reflective ob- 
ject from the axis of directivity of the antenna system 10. 

The output of the phase sensitive azimuth rectifying 
mixer 39 is applied to an azimuth video amplifier 42. 
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The output of the phase comparing elevation rectifying ` 


mixer 37 is applied to an elevation video amplifier 44. 
A third video amplifier 43 receives the pulse output from 
the reference signal detector 38. 

To indicate the position of energy reflecting objects 
the pulse output from the azimuth video amplifier 42 
is applied to one deflecting electrode H, of a range and 
azimuth cathode ray tube indicator 47. Similarly the 
pulse output from the elevation video amplifier 44 is 
supplied to one vertical deflecting electrode V, of range 
and elevation cathode ray tube indicator 46. The video 
output of the reference channel video amplifier 43 is 
applied in parallel to the deflecting plates H, of tube 46 
and V, of tube 47. The purpose of indicator tubes 
46, 47 as just mentioned is to indicate range and angu- 
lar displacement of an energy source with respect to the 
antenna axis of directivity. To this end a saw-tooth 
signal generator or sweep circuit indicated at 48 is added 
and arranged to apply a horizontal sweep to deflection 
plate Hy of azimuth indicator 47 and a vertical sweep 
to the deflection plate V4 of elevation indicator 46. The 
sweep signals from generator 48 produce a linear time 
base on the indicator tubes 46, 47 recurrently initiated 
with each pulse emitted from transmitter 21. In the 
case.of the azimuth indicator 47 this sweep is horizon- 
tal from left to right while for the elevational indica- 
tor 46 it is vertical sweeping upward from the bottom. 

Signals returned by objects located on the. axis of di- 
rectivity will effect only the video amplifier 43 cancelling 
for other video amplifiers 42 and 44 and hence will ap- 
pear as vertical pips on indicator 47 and horizontal pips 
on indicator 46. 

Signals received from objects displaced with respect 
to the axis of directivity of the antenna may appear in 
both video amplifiers 42 and 44 as well as in the output 
of amplifier 43 and will produce pips which are. in- 
_ clined with respect to the vertical in indicator 47 or 
with respect to the horizontal in indicator 46. ‘The an- 
gular displacement of such pips: from the vertical or 
horizontal as the case may be is dependent on the dis- 
placement of an object producing energy reflection from. 
the axis of directivity. The direction of displacement of 
these inclined pips from the vertical or horizontal is in- 
dicative of the direction of the reflective object from 
the axis of directivity. The points at which the sloping 
pips leave the base horizontal or vertical line is indica- 
tive of range to a reflective object and should appear 
the same distance from the point of sweep initiation on 
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ИЕ 4 
each indicator 46 and 47. Thus for example a signal те- 
turned by a first object on the axis of directivity might 
produce indications on the face of indicators 47 and 46 
such as those pips indicated by the letters Y and X 
respectively which both correspond to the same object. 
The signals returned by an object to the left of and above 
the axis of directivity and at shorter range than the first 
object produce typically the indications of pips W and 
N. An object to the right of and below the axis of di- 
rectivity at a greater range than the first object would 
be indicated by the pips Z and M again which are also 
returned by an object at.a range different from the 
others. : 

For automatic antenna tracking of targets in angle, 
the target gated amplifiers 209 and 210 responsive. to 
received signals from video amplifiers 42 and 44, re- 
spectively, as indicated, and gated in time with respect 
to the transmitter pulse by target delay generator 207, 
operate through target azimuth integrator circuit 211, 
target elevation integrator circuit 212, azimuth servo 
mechanism 26, elevational servo mechanism 27 and gear 
mechanisms 24 and 25 to position the axis of direc- 
tivity of the antenna up or down, right or left so that in 
so far as possible the vertical or horizontal condition of 
pips on the indicators 47, 46 will be obtained for an en- 
ergy reflective object at a selected range determined. by 
the target delay generator 207. Failure of the antenna 


mount to track exactly the motion of the reflective object: 


will be immediately shown by indicators 46 and 47 by 
variations of the slope of the pips produced by that ob- 
ject caused by signals in the angle video amplifiers 42 
and 44, Range selection is accomplished by manual 
position of a range selector knob 208 for the target de- 
lay generator 207. Automatic range follow-up commonly 
employed in radar systems but not otherwise shown or 
discussed in this application, may be employed to assist 
tracking if desired. 

For control or direction of a missile, operation with 
two range gates, one for the missile and one for its tar- 
get is required. Orientation of the antenna system in 
azimuth as well as in elevation may be accomplished as 
just described in accordance with the signals received 
during the range gate for the target. 

Additional signal channels which provide integrated 
signals proportional to the position of a missile relative 
to the axis of directivity of the antenna 10 include the 
missile delay generator 213 which selects the missile 
range, missile azimuth gated amplifier 214, missile ele- 
vation gated amplifier 215, missile azimuth integrator 
circuit 216 and missile elevation integrator circuit 217. 
These signal channels similar to those which deliver the 
antenna tracking signals also provide output signals of 
the same general character as those delivered to the an- 
tenna servo mechanisms 26 and 27. It goes almost 
without saying that suitable known automatic range 


tracking techniques may be applied to the missile delay. 


generator 213 to cause this gate signal to track the mis- 
sile echo. 

Elevation combining circuit 220 receives the target 
elevation integrated signal from circuit 212 and combines 
with it the missile elevation signal from circuit 217 to 
derive an output signal proportional to the difference be- 
tween the signals existant at these two points. Similarly 
azimuth combining circuit 221 receives target azimuth 
integrated signals from circuit 211 and missile azimuth 
integrated signals from circuit 216 to provide azimuth 
signals again dependent upon the difference between the 
signals from the two sources. Combining circuits 220 
and 221 are differential combining circuits producing 
D.-C. control signals having a polarity determined by 
angular differences between the target and missile. As 
an illustration, a typical combining circuit for the azimuth 
information is shown in Fig. 5 which has the triode type 
electron tubes 30, 31 whose cathodes are tied to a single 
resistance 32. Grid 33 may receive output signals direct 


5 
from the missile azimuth integrating circuit 216 whereas 
grid 34 receives signals from the target azimuth combin- 
ing circuit 211 delivered through the inverting amplifier 
35. Amplifier 35 is not intended to provide amplifi- 
cation, its input-output voltage ratio should be unity, it 
is inserted for signal inversion only and other forms of 
apparatus producing signal inversion such as а trans- 
former, may be used. 

Combined output signals appear across resistance 32 
for delivery to the missile control circuits as azimuth 
signals. Duplicate equipment is employed for the ele- 
vation circuits. 

The preferred method of control of the radio fre- 
quency energy in accordance with these signals for missile 
direction depends entirely on the type of missile guiding 
system employed. Several methods would be entirely 
satisfactory and within the scope of the present invention. 

A typical method is indicated in the diagram of Fig. 
1 itself wherein the signals from the elevation combining 
circuit 220 are delivered to the elevation servo mecha- 
nism 27 and the signals from the azimuth combining 
circuit 221 are delivered to the azimuth servo mechanism 
26 in the closed position of switches 28. The control 
signals as delivered to the azimuth and elevation servo 
mechanism may be made to displace the antenna axis of 
directivity off of the actual target direction by a small 
amount when switches 28 are closed. With this type of 
connection a beam follower missile control is employed, 
the missile being provided with a known type of control 
equipment enabling it to alter its course to stay “on” a 
narrow beam of radio frequency energy directed toward 
the target. A typical example of a beam follower missile 
or projectile control system is given in the U.S. Patent 
2,579,823 originally filed January 8, 1942, by H. J. 
Homrighous entitled, System for Controlling the Path of 
Bombs and Projectiles, and in the parent thereof U.S. 
Patent 2,432,421 issued December 9, 1947, 

Circuit details of suitable rectifying mixer units- for 
blocks 37 and 39 are shown in Fig. 3. Actually two 
circuits of Fig. 3 are required, one for 37 and one for 
39. This circuit is similar in appearance to a balanced 
modulator or mixer having the diode type mixer tubes 
60 and 61 which are supplied with input signals from 
input transformers 62 and 63. Signals from transformer 
62 which may typically be from one of the angle channel 
i frequency amplifiers 18 ог 20 are applied 

“push- pull” manner to the anodes of tubes 60 and 61, 
that is, a positive signal is applied to one anode at the 
same time the other anode receives a negative signal and 
vice-versa. Signals from transformer 63 which typical- 
ly may be the signals from reference channel intermediate 
frequency amplifier 19, are applied in “push-push” to 
the anodes of tubes 60 and бі, that is, both anodes re- 
ceive the same signal from reference amplifier 19 simui- 
taneously. Output signals are filtered by the resistance 
capacitance circuits 64, 66 and 65, 67 to appear at out- 
put terminal 70 for delivery to the appropriate video 
amplifier (42 or 44). 

Details of typical components in the blocked combi- 
nations 209—211, 210--212, 214—216 and 215—217, 
of Fig. 1 are shown in Fig. 4, four circuits of Fig. 4 
being employed in the complete system. Input signals 
from the video amplifier (42 or 44) are applied through 
coupling transformer 84 in a push-pull manner to control 
grids of tubes 81 and 82. Tubes 81 and 82 are normally 
blocked to the positive or negative polarity output signals 
from the video amplifier (42 or 44) however positive 
enabling pulse signals applied to terminal 89 and thence 
to grids 86 and 87 from the delay generator (207 or 
213) unblock these tubes for a short interval of time 
a selected instant of time after the emission of each trans- 
mitter pulse signal. Output signals from tubes 81 and 82 
are coupled through transformer $5 to full wave rectifier 
tubes 90 and 91 which are provided with separate filter 
circuits of which resistances 92 and 93 are components. 
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Filtered signals are applied to the cathode follower-typé 
output tube 94 where they аге combined across resistance 
96 for delivery to the azimuth servo niechanism 26 (Fig. 
1), the elevational servo mechanism 27, the elevation 
combining circuit 220, or the azimuth combining circuit 
221 as the case rnay be. И 

An overall system is shown in Fig. 6 containing the 
control station 250 typically mounted on a shore line. 
The directive antenna system is indicated by numeral 251. 
A distant target is the ship 252 and the missile is indi- 
cated by numeral 253. Missile 253 has a guidance an- 
tenna 254 which receives control signals frora the control 
station 250. Responsive to the control signals, the flight 
controlling surfaces of missile 253 are adjusted by suitable 
mechanism to maintain a desired direction of flight. 

Missile control systems as thus outlined, involving a 
radar system wherein extreme accuracy in measuring the 
angular position of an object relative to the axis of di- 
rectivity of the antenna, are almost completely divorced 
of errors due to failure of the antenna mount to track 
the target exactly. Conventional control systems hereto- 
fore available in which guidance of a distant missile is 
controiled from a radar installation all require actual 
movement of the antenna to derive missile control sig- 
nals. In this present system, it has been shown that con- 
trol of the missile is maintained by the differences in 
angular relationship of the missile and the target and is 
not solely dependent upon the direction of the axis of 
directivity of the antenna. 

Although certain specific embodiments of this inven- 
tion have been herein disclosed and described, it is to be 
understood that they are merely illustrative of this in- 
vention and modifications may, of course, be made with- 
out departing from the spirit and scope of the invention 
as defined in the appended claims. 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

What is claimed is: 

1, In combination with a radio controlled object hav- 
ing radio.control circuits located thereon for directing 
the motion of the object responsive to received signal 
variations, a control guidance system operative to direct 
the motion of said radio controlled object with respect to 
a second object comprising, a highly directive energy 
transducer system having an axis of directivity, means 
supplying energy to said transducer system for radiation 
centered about the axis of directivity, sensing means con- 
nected to the transducer system for deriving from the 
energy reflected from the radio controlled object and the 
second object, position indicating signals dependent re- 
spectively upon the angular positions of the radio con- 
trolled object and the second object relative to the trans- 
ducer axis of directivity, differential signal combining 
means connected to the last named means for deriving 
control signals in dependency on differences in the di- 
rections of the two objects, and means for varying the 
emitted energy in accordance with the control signals to 
direct travel of the radio controlled object. 

2. In combination with a radio controlled object hav- 
ing radio control circuits located thereon for directing 
the motion of the object responsive to received signal 
variations, a radio control guidance system operative to 
direct the motion of said radio controlled object for col- 
lision with a second object comprising, a highly direc- 
tive antenna system having an axis of directivity, trans- 
mitter means supplying radio frequency energy to said 
antenna system for radiation centered about the axis of 
directivity, sensing means connected to the antenna sys- 
tem for deriving from the energy reflected from the radio 
controlled object and the second object, position indicat- 
ing signals dependent respectively upon the angular posi- 
tions of the radio controlled object and the second object 
relative to the antenna axis of directivity, differential sig- 


2,950,474 


77 

nal combining means connected to the last named means 
for deriving control signals in dependency on differences 
in the direction of arrival of energy returned by the two 
objects, and signal variation means responsive to the 
control signals operative to vary the energy emitted by 
the antenna system.in dependency on the control signals 
to direct motion of the first object. 

3. In combination with a radio controlled object hav- 
ing radio control circuits located thereon for directing 
the motion of the object along a radio beam, a radio con- 
trol guidance system operative to direct the motion of 
said radio controlled object with respect to a second 
object comprising, a highly directive energy. transducer 
system having an axis of directivity, means supplying en- 
ergy to said transducer system for radiation centered 
about the axis of directivity, sensing means connected to 
the transducer system for deriving from the energy re- 
flected from the radio controlled object and the second 
object both elevation and azimuth position indicating sig- 
nals dependent upon the angular position of the radio 
controlled object and the second object relative to the 
transducer axis of directivity, first differential signal com- 
bining means connected to receive the azimuthal position 
indicating signals derived from the energy returned from 
the rado controlled object and the second object for de- 
тіуіпр a beam azimuthal control signal in dependency on 
the azimuthal differences in the directions of the two 
objects, second differential signal combining means соп- 
nected to receive the elevational position indicating sig- 
nals derived from the energy. returned from the radio 
controlled object and the second object respectively for 
deriving an elevational control signal in dependency on 
the differences in the elevational direction of the two 
objects, and means for varying the azimuthal-and ele- 
vational orientation of the axis of directivity of the trans- 
- ducer system in accordance with the elevational and azi- 
muthal control signals developed by the two differential 
signal combining means to direct the travel of the radio 
controlled object. | 

4. A radio system for determining relative. positions 
of two sources of incoming radio frequency energy pro- 
viding energy pulses at different time instants comprising, 
a directional antenna system providing a confined field of 
reception including four adjacent zones of reception’ di- 
vergently arranged about an axis of directivity and a fifth 
zone centered on the axis of directivity, means combining 
substantially in phase opposition the radio frequency sig- 
nals simultaneously received by the antenna system from 
opposing adjacent zones of reception, first and. second 
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signal comparing apparatus responsive to the combined 
signals simultaneously received in opposing zones of re- 
ception and in the fifth zone of reception from first and 
second energy sources to derive resultant energy signals 
having phase and amplitude dependency on the position 
of each energy source with respect to the antenna axis 
of directivity, and signal resolving means providing in- 
tegrated output signals in dependency on differences be- 
tween resultant energy signals derived for the two sources. 

5. A radio control system for directing the travel of a 
missile toward a target comprising, a directional antenna 
system providing a confined field of directivity including 
four adjacent zones of reception. divergently arranged 
about an axis of directivity and a fifth zone of directivity 
centered on the axis of directivity, transmitter means 
connected to the fifth zone of directivity for providing 
energy radiation centered on the antenna axis of directiv- 
ity, separate combining means mixing in phase opposi- 
tion received energy intercepted in zones of reception on 
opposing sides of the antenna axis of directivity to pro- 
duce combined signals, signal resolving means connected 
to said last named means for producing resolved signals 
dependent on phase relationship between combined sig- 
nals and signals received in the fifth zone of directivity, 
first and second gating channels responsive to the re- 
solved signals occurring at selected different time delay 
with respect to a reference portion of transmitter en- 
ergy to produce integrated output signals, signal com- 
paring means responsive to the integrated signals from 
the two gating channels to produce control signals in de- 
pendency on differences therebetween, and means opera- 
tive to vary the energy radiation in accordance with the 
control signals td direct the travel of the missile. 
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